Background: In keeping with the need to protect the safety and health of workers, the EU Working Time Directive stipulates that a worker's average working time for each 7-day period, including overtime, does not exceed 48 h. It has, however, not been settled whether or not the threshold at 48 working hours a week is low enough to protect against excess mortality from long work weeks. The aim of the present study was to examine all-cause mortality in relation to weekly working hours among employees in the general population of Denmark. A special attention was given to mortality rates among employees with moderately long work weeks, 41-48 h. Methods: Interview data from cohorts of 20-64 year-old employees were drawn from the Danish Labour Force Survey. The participants (N = 159 933) were followed through national registers from the end of the calendar year of the interview (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013) until the end of 2014. Rate ratios (RRs) for all-cause mortality were estimated as a function of weekly working hours while controlling for age, sex, social class, night-time work and calendar year. Results: We found 3374 deaths during an average follow-up time of 7.7 years. With 32-40 working hours a week as reference, the RRs for all-cause mortality were 0.75 (95% CI: 0.66-0.85) for 41-48 and 0.92 (0.80-1.05) for >48 h. Conclusion: Mortality rates in Denmark are significantly lower among employees with moderately long work weeks than they are among full-time employees without overtime work.
Introduction

I
t has often been suggested that long working hours may be associated with poor sleep, insufficient restitution between work shifts and a subsequent increased susceptibility to accidents as well as mental and physical health problems. 1 It is therefore stipulated in the EU Working Time Directive (EUWTD) that Member States shall take the measures necessary to ensure that a worker's average working time for each 7-day period, including overtime, does not exceed 48 h. 2 The purpose of the directive, which was issued in 1993, with slight amendments in the years 2000 and 2003, is to protect the safety and health of workers. If the intent of the directive is fulfilled then the 48 h limit should be enough to protect against adverse health effects from long weekly working hours. It should, however, be noted that we are dealing with an arbitrary cut-point. The assumption that moderate overtime work, 41-48 h a week, does not constitute a public health problem, has not been sufficiently tested.
A recent study by O'Reilly and Rosato 3 examined the relationship between weekly working hours and premature death (the ultimate consequence of a poor safety and health situation) in a cohort of 20-64 year-old people from Northern Ireland (144 938 women and 270 011 men) who worked at least 35 h a week. During an 8.7 years follow-up period, they observed 1143 deaths among the women and 4447 deaths among the men. Among the women, the age, marital status and socioeconomic status (SES) adjusted all-cause mortality rate ratio (RR) was 0.99 (95% CI: 0.80-1.22) for employees working 41-48 h, 1.18 (0.88-1.58) for employees working 49-54 h and 0.86 (0.63-1.18) for employees working >54 h a week, when compared with employees working 35-40 h a week. Among the men, the corresponding RRs were 0.96 (95% CI: 0.88-1.04), 1.01 (0.91-1.12) and 0.96 (0.87-1.05). The concerned RRs were also estimated within four different SES groups and only one instance of a significantly elevated RR was found, namely among male employees who worked more than 54 h a week in routine occupations.
Apart from the above, only a few small studies have dealt with allcause mortality as a function of overtime work 4-6 and none of these used exposure definitions that are compatible with the cut-point of EUWTD. There are, however, some large and interesting studies which suggest that long weekly working hours are associated with an increased risk of atrial fibrillation, 7 coronary heart disease and stroke. 8 It has moreover, been suggested or implied that various associations between long working hours and health or safety depends on gender, 9 SES 8 and night-time work. 2 The results by O'Reilly and Rosato 3 suggest that a threshold at 48 h a week would afford more than ample protection against excess mortality from long weekly working hours. However, O'Reilly and Rosato did not regard hours worked outside of the person's main job. Long working hours due to one or more secondary jobs could thereby be misclassified as normal working hours (35-40 h a week), which would bias the estimated RRs toward unity. To rectify this shortcoming, the present study would examine the relationship between weekly working hours and all-cause mortality among employees in the general working population of Denmark, while taking hours worked in secondary jobs into account.
Since long working hours also are associated with an increased income, which in turn has been associated with a decreased risk of stroke, 10 ischaemic heart disease 11 and mental health problems, 12 there are theoretical arguments both for positive and negative associations between long working hours and all-cause mortality.
Aims and hypotheses
We wanted to know if all-cause mortality rates are independent of weekly working hours among full-time employees in Denmark, and we addressed this research question in a series of nested hypothesis tests.
The following null-hypotheses were tested:
(i) All-cause mortality rates among full-time employees in Denmark are independent of weekly working hours as well as interaction between weekly working hours and SES, sex and night-time work, respectively (ii) There are no interaction effects between weekly working hours and SES. (iii) There are no interaction effects between weekly working hours and seX. (iv) There are no interaction effects between weekly working hours and night-time worK. (v) The all-cause mortality rates are independent of weekly working hours when we disregard interaction effectS.
The overall significance level was set at 0.05 and the multiple testing problem was solved by the following strategy:
The first level null-hypothesis would be rejected if the P-value of its statistical test was less than or equal to 0.05. A null-hypothesis at the second level would be rejected if (i) the first-level null-hypothesis was rejected and (ii) the P-value of its statistical test was less than or equal to 0.05.
Methods
The statistical analysis was performed in accordance with a study protocol, 13 which we published before we looked at any relations between the exposure and outcome data of the study. Methodological details of the study protocol will be repeated in the present method section.
Data material
The data of the present study were obtained through a person-based linkage between the Danish Labour Force Survey (LFS) 1999-2013, the central person register and the employment classification module.
The Central Person Register contains, inter alia, information on sex and dates of birth, death, and migrations for every person who is or has been an inhabitant of Denmark sometime between 1968 and the present. 14 The Employment Classification Module, which has existed since 1975 and covers all inhabitants of Denmark, contains person-based annual information on SES, occupation, and industry. 15 LFS is based on quarterly random samples of 15-to 74-year-old people in the Danish population. Each participant is invited to be interviewed four times over a period of one and a half years. Structured telephone interviews are used to gather person-based information on, inter alia, usual weekly working hours, calculated by adding the hours worked in secondary jobs to the ones worked in a primary job, and night-time work ('Yes, regularly', 'Yes, occasionally', 'No'). 16 The response rate has decreased with time, from 70% in 2002-53% in 2013.
The questions used to gather the information on working hours have changed slightly with time. Before 2001, the questionnaires did not specify whether or not meal breaks should be included in the number of working hours. In 2001-06, it was specified that all meal breaks should be excluded and from 2007, it was specified that meal breaks should be included if the person got paid while eating and excluded otherwise.
Follow-up and inclusion criteria
Participants who were between 20 and 64 years old at the start of the follow-up period and employed with 32-100 weekly working hours at the time of the interview were eligible for inclusion. The included participants were followed from the beginning of the calendar year that succeeds that of their baseline interview. The follow-up ended at the time they emigrated or died, or the study period ended (31 December 2014), whichever came first.
A flow-chart for the inclusion and exclusion procedure is given in figure 1 . In total, we included 159 933 participants (46% were women), and we found 3374 deaths in 1 237 999 person-years at risk (mean follow-up 7.7 years).
Primary statistical analysis
Poisson regression was used to analyse all-cause mortality rates as a function of weekly working hours (32-40, 41-48 or >48 h a week), night-time work ('Yes, regularly' or 'Yes, occasionally' vs. 'No'), sex, age (10-year classes), calendar time (2000-04, 2005-09 or 2010-14), time passed since start of follow-up (0-4, 5-9 or !10 years) and SES (low, medium, high or unknown). SES was based on the participant's main occupation during the calendar year of the interview and coded in accordance with the three-class version of the European Socioeconomic Classification (ESeC). The coding procedure is described by Hannerz et al. 17 Age, calendar time and time passed since start of follow-up were treated as dynamic (timevarying) variables. The remaining variables were fixed at baseline (the calendar year of the interview). The logarithm of person-years at risk was used as offset and the maximum likelihood method was used to estimate the parameters. People who participated in more than one interview were classified in accordance with the responses given in their first interview.
The full model contained the following covariates: calendar time, time passed since start of follow-up, age, sex, SES, night-time work, working hours, working hours Â sex, working hours Â SES and working hours Â night-time work.
Hypothesis 1 was tested by use of a likelihood ratio which compared the full model to a sub-model in which the main as well as the interaction effects of working hours were excluded. Hypotheses 1.1-1.3 was tested by use of likelihood ratios which compared the full model to sub-models in which the respective interaction terms were excluded.
Hypothesis 1.4 was tested by use of a likelihood ratio which compared a model which contained all main effects of the full model to a sub-model in which the main effect of working hours was excluded.
Parameter estimates were used to calculate RRs for all-cause mortality, with 95% confidence intervals, as a function of weekly working hours with and without stratification by sex, SES, and night-time work, respectively. In keeping with a set of previous studies, [18] [19] [20] [21] we defined fulltime work as 32 or more hours a week. The following contrasts were considered: 41-48 vs. 32-40 working hours a week and >48 vs. 32-40 working hours a week.
Sensitivity analysis 1-only stable exposure
To find out if the strength of the association between the examined work time arrangements and all-cause mortality increases when exposure is more stable over time, we conducted a sensitivity analysis, in which we only included people who (i) participated in more than one interview, (ii) were between 20 and 64 years old during their last interview, (iii) were employed according to their first as well as their last interview and (iv) did not move more than one step among the ordered working time categories (<32; 32-40; 41-48; >48 h a week) between the first and last interview. The included participants were thereafter re-categorized according to the mean of the reported usual working hours during their first and last interview.
The follow-up of the sensitivity analysis started on January 1 of the calendar year which succeeded the calendar year of the participant's last interview. Only main effects were regarded. In all other respects, the statistical models and covariates were the same as in the primary analysis. 
Sensitivity analysis 2-stratification by interview calendar period
Results
The main null hypothesis which stated that all-cause mortality rates among full-time employees in Denmark are independent of weekly working hours as well as interaction between weekly working hours and SES, sex and night-time work, respectively, was rejected by the likelihood ratio test (P = 0.0004). No significant interactions with working hours were found for SES (P = 0.86), sex (P = 0.10) or night-time work (P = 0.10). The sub-model, which only included main effects, yielded a P values for the effect of weekly working hours that was less than 0.0001, and the estimated RRs among employees with 41-48 and >48 weekly working hours were lower than those among the reference group (32-40 h).
The estimated RRs from the primary statistical analysis are given in table 1, with and without stratification by sex, SES and night shift status, respectively. The RR for all-cause mortality among the employees with overtime work within the limits of EUWTD (41-48 h) was lower than unity in each of the examined sub-populations. They were also lower than unity in each of the sensitivity analyses (table 2) .
Discussion
In the present study, we found that moderately long work weeks (41-48 h) were statistically significantly associated with decreased mortality rates among full-time employees in the general working population of Denmark. We did not find any significant effect of overtime work which exceeds the limit of EUWTD (>48 h a week), and we did not find any statistically significant interaction between weekly working hours and SES, sex or night-time work.
Since participation in the LFS is voluntary, the results will be open to non-participation bias. We know that the response rates have declined with time. The results of our second sensitivity analysis thereby suggests that non-participation may have biased the main finding of the present study towards unity; the lower the response rate the weaker the estimated association between moderately long work weeks and all-cause mortality.
The main advantages of the present study are (i) that the participants were randomly selected from the target population and (ii) that bias due to missing follow-up data were eliminated through the ascertainment of deaths in a national register which covers the entire target population. Another advantage is that information on working hours was available both for primary and secondary jobs. If we had disregarded hours worked in secondary jobs, then 25.0% of the workers with 49-100 h a week would have been misclassified as working less than 49 h and 24.6% of the workers with 41-48 h a week would have been misclassified as working less than 41 h. The RR among workers with >48 h would have changed from 0.92 to 1.00 while the RR for 41-48 h would have changed from 0.75 to 0.74. Due to these advantages, we can be quite certain that moderately long work weeks are associated with decreased mortality rates in our target population. We can however not know if we are looking at a healthy worker effect or a causal relationship.
Apart from the Northern Irish study that we mentioned in the introduction, 3 we found three studies in which all-cause mortality was examined in relation to long working hours or overtime work, one from Denmark, 5 one from Great Britain 6 and one from Sweden. . The British study 6 followed a cohort of 39-61 year old civil servants (n = 6014) who worked full time at baseline (1991-94), for on average 11 years. The age, sex, marital status and occupational grade adjusted all-cause mortality RR was 1.11 (95% CI: 0.75-1.63) for employees working 1 h overtime, 1.27 (0.83-1.94) for 2 h overtime and 1.35 (0.82-2.21) for 3-4 h overtime per day, when compared with employees not working overtime.
The Swedish study 4 used data from a twin registry to study mortality 1973-96 as a function of self-reported overtime and extra work at or prior to baseline among like-sexed twins (9500 women and 11 132 men) born in Sweden 1926-58. The subjects were treated as a sample from the general population regardless of twinning. Compared with other employees of the same sex, the ageadjusted all-cause mortality RRs for >5 h overtime work per week was estimated at 1.69 (95% CI: 1.06-2.69) among the women and 1.08 (0.89-1.31) among the men. The RRs for moderate overtime work of a maximum 5 h a week was estimated at 0.85 (0.52-1.38) among the women and 0.63 (0.49-0.81) among the men. A similar pattern was observed for extra work (work outside employment).
In line with the studies from Northern Ireland 3 and Denmark, 5 we did not find any excess mortality among employees with long weekly working hours and in line with the Swedish study, 4 we found significantly low mortality rates among employees with moderate overtime work. Our findings are, however, at odds with some recent meta-analyses, which suggest that long weekly working hours are associated with an increased risk of atrial fibrillation, 7 coronary heart disease and stroke. 8 This lack of agreement weakens the generalizability of the meta-analyses. It also indicates that caution should be exercised if we want to generalize our results to populations outside of Denmark.
As previously mentioned, it is possible that the lowered risk among employees with moderately long hours was due to a healthy worker effect. It is also possible that the non-significant RR among employees with very long hours can be explained by a protective selection effect that has been cancelled out by malignant factors of long hours. Unfortunately, the LFS data did not include any health questions. We have therefore not been able to pursue this matter in the present study. We propose that the possible health selection into long working hours could be investigated in future research by use of health questionnaires and subsequent follow-up of employees with normal working hours at baseline.
Conclusions
Mortality rates in Denmark are significantly lower among employees with moderately long work weeks than they are among full-time employees without overtime work. The results of our study suggest that a threshold at 48 working hours a week generally affords more than ample protection against excess mortality from long work weeks.
